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Summary

This document describes the Heat exchanger onvidding procedure. The content includes
the step 15 requested from the overall sequenteedfiX manufacturing, as described in RD-
2.

Cut soldering sheets in correct shape
Vacuum brazing stack of plates
Cover all entrances to avoid particle contamination
Measure the dimensions of the soldered stack tépla
Turning and machining of stack of plates to finah@nsions
Perform He-leak test on stack of plates AMSTR-NLR-#53
Clean & cleaning check HX parts (stack of platesawmtside, and container part)
AMSTR-NLR-PR-056
9. Vacuum brazing (lower temperature as previous bggatack of plates to housing
10. Visual inspection after brazing on cleanliness ANRSNILR-PR-056
11. He-leak test to check stack to container solder ARSILR-PR-053
12. Visual inspection on cleanliness AMSTR-NLR-PR-056
13. Clean storage of brazed assembly AMSTR-NLR-PR-056
14. Cleaning before welding AMSTR-NLR-PR-056
a. Cleaning check on combined brazed assembly
b. Clean & cleaning piece 13.1 prior to welding
15. Weld HX orbital welding according to AM STR-NLR-PR-54
16. He leak test check solder connection of the stapketés AMSTR-NLR-PR-053
17. Turn the HX container with grooves for the startwipe heater installation
18. He leak test container, Proof pressure test, Hedeacheck weld leak tightness and
verify proof pressure, AMSTR-NLR-PR-053 issue 2

© N O NN
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1 Scopeof the document

The procedure in this document describes the weddeolure for the HX. It describes the
following steps
* Weld qualification prior to assembly
0 Identification of optimum weld parameters
0 Weld qualification
« Weld re-qualification (if necessary)
e Weld procedure during assembly
o Pre-weld
0 Flight welding

The objective of the test is to verify the HX welildfil the NASA weld requirements and
provide the safety verification documentation.

2 Referencesdocuments

Title Number Date

RD-1 | TTCS Heat eXchanger Bread TCS-NLR-TN-042-Iss01 September
Board Model Test Report 2005

RD-2 | TTCS Heat eXchanger design ReparAMSTR-NLR-TN-053 issue 1.0 February

2007

RD-3 | TTCS Requirements AMSTR-NLR-PL-02 Issue 1.0 | April 2007
Verification Matrix FM H/W

RD-4 | Requirements for the ASR-S-001,Rev. B September
manufacturing 2003

and space qualification of all the
pressurized weld joints in the
AMS TTCS evaporator.

RD-5 | Process Specification for PRC-0010, Rev. C February
Automatic and Machine Arc 2006
Welding of Steel and Nickel Alloy
Hardware
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3 Identification of welds

Each HX contains 1 weld adding up to a total efedds: 2 for the FM and one for the QM HX.
The welds are done with only one type of weld, sly one kind of weld is to be qualified.

In the following pictures is shown the final asséyrdif the Primary and Secondary FM HX and
the housing dimension and configuration duringfihal welding step.

2 phase IN from Evapora

Liquid OUT to Evaporato je=—" o

Liquid IN from pumg

2 phaseOUT to condenst

PHASE 5: TUBE WELDING *

13.1
SEE ETH028-01-32

(g8

(poe.a)

N A

141 MODIFY LENGTH PART 13.1 AND 14.1 EVENLY |
SEE ETB023-01-32 F AFTER SOLDER FHASE ¢

PHASE 5: TUBE WELDING

(BEFORE WELDING THE ORIENTATION HAS Section view G-C

TO BE CHECKED AND THE ASSEMBLY HAS |
TO BE MARKED BY NLR DEPT. ASSP). |
N.B. AFTER WELDING THE GROOVES FOR I
ORIENTATION CAN NOT BEEN RECOGNIZED. }

Figura 3-2. HX FM primary : orbital welding step (ref drawing: ET6029-04-DR-029-f-GE-
ASM Heat exchanger welding and assemble)
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THIS DRAWING SHOWS THE STADIUM IN
WHICH THE HOUSING UPPER PARTS

WILL BE WELDED TOGETHER AS SHOWN
ON DRAWING ETS029-04-20, PHASE 5.
SEE FOR DIMENSTONS ETG020-04-13.1

*: THE INNER SIDE OF THE BUSH TED AFTER
SUCCESSFUL WELDING TESTS.

Figura 3-3. HX FM primary : housing configuration prior to orbital welding step (ref
drawing: ET6029-04-DR-032-b-GE-ASM Heat exchanger part 13.1 and 14.1 before

welding

2 phaseOUT to condens:

Liquid OUT to evaporatt

2 phas¢IN from evaporatc

Liquid IN from pumy -——'-

Figura 3-4. HX FM Secondary overview
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PHASE 5: TUBE WELDING *

Y
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TO BE CHECKED AND THE ASSEMELY HAS _"r ,

TO BE MARKED BY NLR DEPT. ASSP).
N.B. AFTER WELDING THE GROOVES FOR
ORIENTATION CAN NOT BEEN RECOGNIZED.

Detail A /R

Figura 3-5. HX FM secondary : orbital welding step (ref drawing: ET6029-05-DR-029-g-
GE-ASM_Heat_exchanger_welding_and_assemble)

.
|
|
|

GROOVE FOR ORIENTATION }
|
|
|

|

—— ﬂ GROOVE _FOR ORIEWTATION
THIS DRAWING SHOWS THE STADIUM IN

THIS DRAWING SHOWS THE STADIUM IN WHICH THE HOUSING UPPER PARTS
WHICH THE HOUSTNG LOWER PARTS WILL BE WELDED TOGETHER AS SHOWN
WILL BE WELDED TOGETHER AS SHOWN ON DRAWING ETE020-05-20, PHASE 5.

ON DRAWING ET6020-05-20, PHASE 5. SEE FOR DIMENSIONS ETE020-05-13.1
SEE FOR DIMENSIONS ET8020-05-14.1

*: INNER SIDE T.B.D. AFTER

/\ *: INNER SIDE T.B.D. AFTER Ll /G; SUCCESSFUL WELDING
b SUCCESSFUL WELDING

Figura 3-6: HX FM secondary : housing configuration prior to orbital welding step (ref
drawing: ET6029-05-DR-032-b-GE-ASM Heat exchanger part 13.1 and 14.1 before
welding)
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3.1 Weld method and weld type used in HX

Welds are performed using flow-through protectias.grhis method is straight forward and is
described in section 8.2.

The weld type is only one, with dimension of 56..nn®D x 3.25 mm wall (as shown in

Appendix B), made by a connection between two pértnconel 625 of the same batch
material. For this weld type a weld qualificatiorogramme is needed.

3.2 Classidentification

All welds are classified as class B according to Adocument PRC0010. TTCS is a
pressurised system and therefore class B requitsraed methods for pressurised components
are applicable.

4 Weld Schedule

The weld qualification and welding of the flight \de will be performed in the following
sequence:
1. Weld sample tests for weld parameter definition
2. Weld Qualification on test weld samples (Q1 and Q2)
3. Weld sample testing and approval from NASA (Q1 Q&)
a. Radiographic inspection (see section 10)
b. Visual inspection (see section 10)
c. Check strength requirement for concavity (Appertdjix
4. Perform one (1) pre-welding sample
5. Welding of QM and FM flight welds
6. Perform testing on QM and FM’s and pre-weld sample
a. Radiographic (all)
b. Visual inspection (all)
c. He-leak test (QM and FM's)
d. Proof pressure test (QM and FM'’s)
7. Perform welding sample welding for burst QB1
8. Perform burst test on QB1

The burst test will be performed after the flightlds as the margin for burst is extremely large
and no negative result is expected (see also Appéhd
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5 Weld qualification

A weld qualification consists of the following step
o0 Identification of optimum weld parameters
o0 Weld qualification
The weld qualification is performed on a total oiv8ld samples. After agreement with NASA
it was decided only two (2) samples at nominalrsgtare necessary for weld qualification. This
is agreed in view of the few flight welds neededr{2 and 1 QM).
All samples shall be send to NASA where they waélsubjected to:
e Visually inspection to the Class B acceptance rgaisein Appendix A.
e Liquid penetrant or magnetic particle inspectiortite Class B acceptance criterias in
Appendix A.

5.1 Standard Weld samples

The weld samples shall be cut in the same wayadlight hardware. A drawing of the weld
sample for qualification is shown in Figure 5-1. B®underlined that a chamfer and a V-groove
were foreseen to allow better penetration of thieliwvg. The complete design drawing of weld
sample is shown in Appendix B.

oz

(FEI0. 8w 48"

Isometric view

Figure 5-1. Qualification weld sample configuration (ref drawing: ET6029-01-DR-020-c-
GE-ASM Heat exch welding test).
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5.2 High , nominal and low heat input settings

The flight hardware welds shall be made with thenimal power setting. Common is to use a
range of input settings with a variation in the erdf £10%, but this is no hard requirement.
Using such a range is to deal with power fluctusio the welding apparatus between the low
and high limits and to accommodate a wider rangéiokness variations.

These wide variations are not present in the fesurate machined parts for the HX welds.
Therefore it is decided in close consultation WNASA to perform qualification on 2
qualification samples (Q1 and Q2) at nominal sg#tin

After successful qualification and approval thelight welds (1QM and 2 FM HX's) are
performed.

5.3 Determination of the nominal weld parameters

After some unsuccessful tests performed with DQeruy pulsed current was chosen as the best
solution to achieve a good welding result. The NA§#idelines for pulsed current were
followed, to find the optimum parameters (reporbedow) to achieve acceptable repeatability
and weld quality:

Definitions:

e Peak Current = high current setpoint

e Background Current = low current setpoint

e Pulsed current ratio = ration of high current to low current setpoirtts;be typically
31

* PPS = pulses per second (Hz); the pulse rate

* Pulse width = Percentage of time the weld program stays apéad current setting in
any one given cycle. The balance of the time béllspent at the low current setting.

e« Average current = (% time of weld cycle)(peak current) + (% timdé weld
cycle)(background current)

* Weéd cycle = period including one time segment at peak cairfeone time segment at
background current

* |IPM =Inches per minute; linear travel rate of thediveg arc

« RPM = revolutions per minute

e 0.001"=0.0254mm

The guidelines in selecting the starting settings:
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Weld current settings - For PEAK current setting (high current) plan &yout 1 amp
for each 0.001" (0.0254mm) of wall thickness, fareo ARGON gas. If using an
Argon/Hydrogen mix or Hellium/Argon, plan for abo0t7 amps for each 0.001"
(0.0254mm) of wall thickness.

Weld current settings - For BACKGROUND current setting (low current) pldor
about 1/3 of the peak value selected (~3:1 ragakpo background)

Pulsewidth - a good starting point is about 35% (or ~1/3)hef weld cycle

PPS - Pulse as fast as is necessary to produce theediessult Each pulse actually
produces a "weld spot." And it is preferable terap each spot at least 50% of the
spot diameter to avoid between spot anamoliesingetihe PPS will obviously be a
function of the linear travel rate of the electrddesurface (e.g., if the travel speed is
raised, the pps will have to be raised to achibeesame overlap).

Travel speed - As a general rule, autogenous (no filler wiredldvschedules will
typically function well in the range of 3 - 8 IPM€., cm/min or mm/sec).

The wall section (3.25 mm) is relatively thick selding speed will likely be on the
slow end which will compound the latent heat byilgaroblem. To combat this, it is
recommended to divide the schedule into ‘"levels" ‘tsegments of the
circumference” (e.g., every 60 or 45 degrees) tgmssively step down in increments
of heat input. Most orbital systems have this pragming capability

Applying the above guideline to the HX configuratitihe following starting setting were found:
(based on the above - INCO 625, 56.5mm O.D., 3.2%maththickness (0.001" = 0.0254mm):

1.

o gk wbdN

Assume it will be a single pass weld, trying toitiligh temperature excursions

Peak current = 0.7 x (3.25/0.0254) = ~90 amps

Background current = 90/3 = 30 amps

Pulse width = 35% at peak, 65% at background

6 pps (selected arbitrarily from experience)

Select 3.0 ipm (76 mm/min) - Tube circumference ¥ 7#mm, rotational speed will

then be 0.43 rpm (i.e., 76/177)

Total time for weld schedule will include the stgrtdwell time, circumference traverse
time, and an area of overlap to fully consume ystartup area. The dwell time at the
start should be such that to just achieve full patien through the wall thickness, and
then travel (rotational motion) will start. Thisnaunt of time will be added to the
entire schedule time.

The parameters were defined and can be found invedding procedure sheets in
section 12.
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6 Welding procedur e specification (WPS)

Process verification shall consist of visual ingjgec and/or (non)-destructive inspection, as
described further in section 5 for weld qualifioatiand section 7 for re-qualification. In
addition, at the appropriate time during the fadtiam activities, the following items shall be
verified:

a. Verify that the welder is certified for the specifvelding operation (prior to welding).

b. Fit-up in accordance with the engineering drawipgiof to welding for Class A

Pressure Containing Components).
c. AWPS exists (prior to welding) see section 6.1.
d. Compliance with WPS for essential variable rangiesifg welding).

6.1 Welding procedur e specification (WPS)

The welding process shall be documented in a Welérocedure Specification (WPS). The
WPS shall be reviewed by NASA before the productbrihe actual flight and qualification
H/W. An example WPS as will be used for HX weldiaghown in Appendix D.

6.2 Welding Procedur e Qualification Record (PQR)

Welding results (all qualification, re-qualificatip post and pre-weld samples) shall be
documented in a Procedure Qualification Record (P@R example PQR as will be used
during flight qualification and flight welding iswgen in Appendix E.
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7 Weld re-qualification

Re-qualification of welds will be performed in tf@lowing cases:
« The weld system has been placed on a differentrealtpower source except when the
power supply has a means for internal power regulat
* Major maintenance has been performed on the weslesy Major maintenance
includes replacement of the power supply, majorirepf the power supply requiring
entrance into the controller or transformer cabimeplacement of the weld head, or
replacement or change in length of any of the daenecting cables.
The weld re-qualification for the HX exists of tfidlowing step:

* Weld re-qualification

Weld settings Number of welds Examination
Nominal heat input settings 1 Visual Inspection
Volumetric NDE
(Non Destructive
Examination)

Total 1

Table 7-1: Qualification samples quantity overview

Re-qualification usually requires 3 samples, but tfte HX case only 1 sample should be
sufficient. The sample is subjected to visual icsip@ and volumetric NDE. Volumetric NDE
can performed by either the radiographic methatheoClass B acceptance criteria in Appendix
A. The re-qualification results will be send eleciically to NASA and to NLR for approval.

If the re-qualification activities result in any ldang parameter(s) deviations that exceed the
range specified in Table V of PRC0010 or AWS BZXBpplicable, for that parameter, then the
level of testing in section 5 is required. Tablés\¢opied below.
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Table V - Essential Welding Variables

Variable # | Variable / Weld Type Range
Allowed
1 Power Source Model # None
2 Weld Head Model # None
3 Joint Configuration None
4 Groove Angle +/- 5°
5 Nominal Tube Dia. None
6 Nominal Wall Thickness None
7 Material Type(s) None
8 Electrode Start Position +/- 60°
9 Preweld Cleaning Steps None
10 Allowable Joint Gap None
11 Tool or Shop Aid Identification None
12 Preweld Purge Time (1)
13 Postweld Purge Time (1)
14 Tube ID Prepurge Flow Rate or Pressure None
15 Weld Head Prepurge Flow Rate +/- 15%
16 Plasma Gas Flow Rate +/- 10%
17 Gas Composition/Spec. None
18 Electrode Travel Speed & Machine Setting None
19 Arc Travel Start Delay None
20 Total Weld Current On Time None
21 Weld Time @ Level or Circumference Interval None
22 Current Pulse Width (%) None
23 Current Pulse Rate None
24 Filler Material / Spec. None
25 Filler Wire Feed Speed +/- 50%
26 Consumable Insert Type and Specification None
27 Tubular Sleeve Spec. None
28 Background Welding Current None
29 Pulse Welding Current None
30 Electrode Type None
31 Electrode Diameter None
32 Electrode Tip Geometry None
33 GTAW Electrode to Work Gap (nom. setting) +/- 10%
34 PAW Electrode Position Setting (nom. setting) +/- 10%
35 PAW Oirifice Size None
36 Minimum Preheat Temp. None
37 Maximum Interpass Temp. None
38 PWHT Procedure/Spec. None

Tabel 7-2: Essential welding variables
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8 Welding during TTCS HX assembly

For welding of the HX the orbital welding with lathrough shielding gas is used.
In this section the general approach and prepasafmr the welding is given.

8.1 Orbital welding preparations
8.1.1 Cleaningand clean working

The welding and welding preparation of the HX pavilt be performed in a class 100,000 or
better clean room environment. The flight parts dlight weld samples are clean inside.
Handling is focussed in avoiding contaminationébigside and keep the parts clean.
Cleaning should be done according to AMSTR-NLR-PIB-6M HX Cleaning before welding
procedure.

8.1.2 Pre-wdd samplesduring assembly

In this particular case of HX welding, only a preldvsample is required, to be performed in the
same day of the flight welding.

The pre-weld is made according to the WPS and enedmind documented in a PQR by Miaoh
Tieh/AIDC. At the end, the filled procedures andRPQare send to the NASA weld specialist
and the TTCS project leader for review.
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8.2 Standard orbital welding with flow-through shielding gas
The standard orbital weld method is used for thew{d. The purge gas set-up is shown in
Figure 8-1.

Shielding Gas

Flow Meter
E
3
£
E
&
3
=

2-stage Ragulator

Int: |
Secondary Solenoid Pur:gE:gas

Bypass Piug Flow Meter

Inert Gas
Cylinder

Weld locatior _}

At

Internal Purge Gas
Shut-Off Valve

SWS Fixture Block

Secondary Solenvid
Bypass Plug

Figure 8-1: Purge gas set-up flow through

821 Main stepsfor welding with flow-through shielding gas
The main steps are:

1. Perform according to the applicable WPS in Apperilix

a. Clean the two part of the sample ( drawing refeze€T6029-01-DR-020-c-

GE-ASM Heat exchanger welding test) according toSYWR-NLR-PR-056 FM
HX Cleaning before welding procedure
Spot weld tubes together (specify spot weld) armig®nt weld parameters
Use fixture to fix the parts in line
Take picture of the test set-up
Purge gas with DP gage before welding
Perform welding

~ 0o aoo0ooT
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9 Weld facility description

The weld qualification, re-qualification and flightelding is performed at Miaoh Tieh in
Taiwan and it uses the following equipment:.

* GAS: (Ar 97% + Hydrogen 3%)

* Purge gas set-up as shown in Figure 9-1

* Power: POLYSOUDE PS 204 ( appendix F)

e Tungsten Electrodes: Torch electrodes shall be 2etkated tungsten and meet the
requirements of AWS A5.12 (not yet found).

* Weld head: 56.5mm OW115(ORBIMAT)C(Appendix F)

» Cleaning machine: SUPER STAINBRITE TK-909S (Appen@)

Shielding Gas
Flow Meter

2-stage Regulator

Int |
Secondary Solenoid Pur:gl:rg.as

Bypass Plug Flow Meter

Inert Gas
Cylinder

Internal Purge Gas
Shut-Off Valve

SWS Fixiure Block

Secondary Scalenoid
Bypass Plug

Figure 9-1: Miaoh Tieh Purge gas set-up
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10 Main stepsfor welding schedule/procedure

The main steps are:
1. Perform qualification test samplascording to the applicable WPS in Appendix D.

g. Clean the two part of the sample ( drawing refeze®€T6029-01-DR-020-c-
GE-ASM Heat exchanger welding test) according toSNWR-NLR-PR-056 FM

w

HX Cleaning before welding procedure

h. Spot weld tubes together (specify spot weld) armident weld parameters

i. Use fixture to fix the parts in line

J. Take picture of the test set-up

k. Purge gas with DP gage before welding

[.  Perform welding
Document the weld parameters in PQR as in Appedix
NDE and metallographic examination of weld samples
Flight weld preparations

a. Document part numbers

b. Check material traceability and certificates (s@pdndix C)
Direct prior to the first QM/FM weld perform_a pveeld sample

a. Use fixture to fix parts in line

b. Purge gas with DP gage before welding

c. Perform welding
Perform flight welding (1 x QM, 2 x FM)

a. Use fixture to fix parts in line and/or components
b. Take picture of weld set-up

c. Purge gas with DP gage before welding (pay atteritalirection)

d. Perform welding
Perform testing on QM and FM’s and pre-weld sample
a. Radiographic (all)
b. Visual inspection (all)
c. He-leak test (QM and FM’s)
d. Proof pressure test (QM and FM’s)
Perform welding sample welding for burst QB1
Perform burst test on QB1
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11  Qualification and flight Welding procedur e sheets

11.1 Qualification weld procedur e sheets

Welding Qualification procedur e sheet company: date:

Fill in by hand. engineer: location:
Step | Action Monitoring Value Result Comment
1. Record Flight Model/Qualification Model -

Record Primary/Secondary

Record reference drawing number
3. Record welding method Flow

through

4. Record Weld Procedure Specification (WPS) issudll&\fPS for

flow through welding
S Record Weld Procedure Qualification Record (PQR)&ppre PQR

for flow through welding
6. Prepare all samples for the total 2 qualificatiaelds to identify the

nominal limit input settings
7. Clean samples on inside and outside with IPA (IsapiA-Alcohol)

with clean cloth
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Welding Qualification procedur e sheet company: date:
Fill in by hand. engineer: location:
Step | Action Monitoring Value Result Comment
8. Clean fixtures and other tooling with IPA and cloth
Start welding
9. Use fixture to fix parts in line.
10. | Make a picture of the weld set-up
11. Spot weld the two parts to fix them together.
Carefully record the spot weld parameters and hiseatso for
other QM and FM welds.
12. Purge shielding gas through the welds
e
le
13. | perform welding and fill PQR
14. | Perform visual inspection to the Class B critene8ppendix A.
If the sample passes the visual inspection reopgnts continue
with next step. If not discuss with welder how togeed.
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Welding Qualification procedur e sheet company: date:
Fill in by hand. engineer: location:
Step | Action Monitoring Value Result Comment
15. Clearly mark the weld sample with Q1 and Q2, andestor further
examination
16. Repeat steps 11-17 for all 2 qualification samples.
17. 1 check all samples are clearly marked and the WESPQR are
available.
18. | Make picture of samples indicating the marking attite
electronically
19. | contact NASA on sample inspection planning
20. Repeat this sheet for all other flow-through welds.
2. | End gualification sheet
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11.2 Flight and prewelding procedur e sheets
Flight and pre-welding procedur e sheet company: date:
Fill in by hand. engineer: location:
Step | Action Monitoring Value Result Comment
1. Record Flight Model/Qualification Model -
Record Primary/Secondary
Record reference drawing number
Record welding method Flow
through

4. Record Weld Procedure Specification (WPS) issudll&\fPS for
flow through welding

S Record Weld Procedure Qualification Record (PQR)&ppre PQR
for flow through welding

Prepare all housing for the total 4 welds (preensgmple, QM, 2 »
FM)

7. Check the HX parts are cleaned according to AMSTIRNR-056
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Flight and pre-welding procedur e sheet company: date:
Fill in by hand. engineer: location:
Step | Action Monitoring Value Result Comment
8. Clean the pre-weld sample housing, fixtures anératboling with
IPA and cloth
Start welding
9. Use fixture to fix parts in line.
10. | Make a picture of the weld set-up
11. Spot weld the two parts to fix them together.
Carefully record the spot weld parameters and hessetparameters
also for other QM and FM welds.
12. Purge shielding gas through the we
t
13. | perform welding and fill PQR
14. Perform visual inspection to the Class B critenmm8ppendix A.
If the sample passes the visual inspection req@nesncontinue
with next step. If not discuss with welder how togqeed.
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Flight and pre-welding procedur e sheet company: date:
Fill in by hand. engineer: location:
Step | Action Monitoring Value Result Comment
15. Clearly mark the weld sample with FM1/FM2/QM, andrs for
further examination
16. Repeat steps 11-17 for all 3 flight weld samples.
17. 1 check all samples are clearly marked and the WESPQR are
available.
18. | Make picture of samples indicating the marking atuite
electronically
19. | contact NASA on sample inspection planning
20. | End gualification sheet
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12 Qualification Welding procedure record, visual inspection and radiographic results Qualification Welds (Q1 and Q2)
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Qualification 1

— . — —




el AMS Tracker Page 30 of 47

Thermal Control Doc.Id. AMSTR-NLR-PR-054
@ subsystem Issue Issue 02
QM FM Heat eXchanger orbital welding Procedure Date 17 August 2008

Qualification 2
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X-RAY O
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Remark: In contradiction with below sheet a 2% ated tungsten electrode has been used not
thoriated as written.

YOUR COMPANY/ORGANIZATION NAME goes here
Miae Tigh Precision Ipdustria | co, LTD.
ORBITAL TUBE ARC WELDING PROCEDURE SPECIFICATION (WPS)

WPS Mumoer Revision

Supporiing PUR no.(g)

BASE and FILLER METAL :

Material number (31 Group
Material spec., type, and grade Ih fo b 25

Company § Organization
Wekiing Process{es)___Autamatic Oebital Tuhe Gas Tungstan Ars

ta Maberial number Group
to Material spec., ype, & grade

Base metsl thickness ranga_afmt? 3, 25w (e ldmd ,q.r,@) GAS : Batope: Clos Bate: (05 & Mir.

Pipe / Tube diameter 21 5 MMyl thickness & &8
Filler mztal F Mo. AWSClass & Spet,
Consumable Ingarl, AWS Class & Spes

WELDING SET-UP :

Pewer Supply (Modal) Fozo#
Winld Headis)__ O 147 ] 1 5"

Jaint Positionis)
Tungslen ype

Diarmater 228 MM Arc gap 4 2w
Tip diameter __ T2 MM Tigengle _{ 5 °
Wiald direclien Pulse flade

WELD SETTINGS :
Start currart famps) _ T2 Upslope {sac.)

Level Slope Time (sec) Downslope {s8e.)

Slart Delay (sec.) Creperida (%)
Fnish Currend (amg) Fuosture Spead {RPR)
Wald Timer (oniat) Step Mode {oriall)

Wire Mode (onfoffy

HOMIMAL HEAT INPUT CONDITIONS :

Wield | Alowable Cument (amps) Settings| Fulse  Fulse
Lewal  Time HIGH LOW Fate Width
Mumpar {sach] +5% MWominal -§% minal Maminal

A ax 3l 25 5oy
2 qe __ 3 2.5 5o%
- E . {2 30 2.5 Loy
_d4 —_— ag g 2.5 5o0%

TSRS

3 Fiow) Bate: 14 32 Mrn
Tarchitiaad gasies) rr He

% Compestien_ 9154 4 4 FowRste L2+ 2 (LPM
Prepurge Time 22 Fostpurge Time 207
Backing pesies) _ Ar + Ha

% Cornpastion ﬁ ol 3e6  Flowme 3 (LFM)?
Frepurge Time ___ 26 Poslpurge Time __2 0

PRE and POSTWELD HEAT :
Preheat temperaturs minimuaom

Praheat tampanatus mamum
Inlerpass bemperature mnimem
Inlarpass lemparalufe mExamem
Postweld HeafTreatment

JOINT DESIGN :

Jeinttype_ EUTT

Greowa anghe Radiusg, Land

oot opaning Sieeoffle 000000

Sackel wekd pull-pack

SETUP SKETCH -
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Remark: In contradiction with below sheet a 2% ated tungsten electrode has been used not
thoriated as written

YOUR COMPANY/ORGANIZATION NAME goes here
Miao Tieh Precisien Lidustrial o0, TP
ORBITAL TUBE ARC WELDING PROCEDURE SPECIFICATION (WPS)

WS Numbar Fevision
Supporting POR pog)

BASE and FILLER METAL :

Material pumbear o2 Growm o Material number

Masarial spec., type, and grade_Lhgo 625 o Material 2pac., fype, & grade

Base matal thickness range S , 3, 25 mm | Lﬂ'ﬂrﬂ; Ares) gas- Betpre: Clow fale - {5 [PM. B Min

: . Elew Eates /5 Lpm. 3 Min
Pipe ! Tuba diamaber 6. 5 MMy thicknass ﬁf. min anﬁﬂ'lfafg?s?\t&] Ar + 42

Company / Organizetion
Wealding Prosessies)_ Autometic Orbital Tube Gas Tungslan S

Group

Filler metal F Mo, AWEClass &Spee wermncction T8 39 Fawhae S24 2 LF

Consumable Insert, AVS Class & Spec Prepuige Time 2.5 Postpurge Time _ 28
Backing gasies) __AF + Ha

WELDING SET-UP : o, Composiion_ 97 % 3% Fowrate __ 3 __LFM

Pawear Supply (Modal) FSe0% : - =
Presurge Time 3 & Fostpurge Time A &~

Weld Headis)_& b § £ 5

Jiint Position(s)
Turgsten WWM Diametee 2. 5 00 pge nas £ 2 tnin PRE and PEJSTWELEIi HEAT :
Tip digeneter o 3 1 Tip angla F e Presbaat lemperature minimum
Wolddeaction ______ PulzaMode Prahaat termperatise maximim

Intarpass temparature minimum

Inlerpass Emparabune maxsTurn

WELD SETTINGS : Postwald HealTrestimeant
Start currenl [armps) _LL......UDNOW (sec.)
Leve! Stope Time (set.) e Downslope (s8c) JOINT DESIGN :
Start Delay (sec)___ £ Crearride [35) Soint type _S U T T
Fanish Currerd (amp)______ Fhdue Specd (RPM) Groowve angle R s, 1 and
Wwald Timer (onfofy  _________ Stap Mode janleff) Root opening Size of filkt
Wire Mode (onfoff} Socket wald pullback
NOMINAL HEAT INFUT CONDITIONS : SETUP SKETCH -
Wilgld | Allowable Cumant (amps) Settings| Pulse  Pulsa
Lewvel Time HIEH Lo Hata Width
i inal Marmi inal
a1 EER il x5 T4
2. e fo 2.5 504
- iL 3 2.5 B g
4 jo je 2.5 S0%

TECHMIQUE :
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Appendix A: Acceptancecriteriafor Class B pressure containing components

SURFACE INSPECTION ACCEPTANCE CRITERIA -CLASS B -

Pressure Containing Components

Size and Appearance
of Groove Welds

Minimum size as specified on drawing. If profile requirements are not specified
on the drawing, the weld shall be convex with a maximum reinforcement as
stated herein. Any profile is unacceptable where the weld to base metal
transition forms a sharp notch or reduces the base metal thickness (T) beyond
the minimum specified on the drawing.

Size and Appearance

Minimum size as specified on drawing. If profile requirements are not specified

of Fillet Welds on the drawing, the weld shall be flat or slightly convex with a maximum
reinforcement as stated herein. Any profile is unacceptable where the weld to
base metal transition forms a sharp notch or reduces (T) beyond the minimum
specified on the drawing.

Cracks None allowed.

Undercut Undercut shall not exceed 15% of the total weld length. The depth of any

undercut indication where T < 0.035”, undercut shall not exceed 10% of T.
Where T is >/= 0.035" and </= 0.09”, undercut shall not exceed 15% of T or
0.010", whichever is the lesser. Where T > 0.09”, the depth of undercut shall
not exceed 0.015".

Pores or Voids

The maximum diameter shall not exceed 0.02” or 1/3 of T, whichever is the
lesser. Indications less than .010” in diameter shall not be considered.

Weld Face or Root

Concavity shall not exceed 15% of T or 0.015", whichever is the lesser.

Concavity or WM

Thinning

Overlap None allowed.

Misalignment Misalignment shall not exceed 15% of T or 0.025”, whichever is the lesser.
Peaking Weld joint peaking shall not exceed a total of 5 degrees.

Weld Face or Root Reinforcement, or melt-thru, shall not exceed 20% T or 0.06", whichever is the
Convexity lesser.

Surface Discoloration

A black - brown color is not allowed.

Surface Roughness

Surface finish of welds and adjacent material resulting from processes used to
remove weld reinforcement and otherwise shall not exceed 63 microinches.

General
Workmanship

Weld deposits, face and root reinforcement and adjacent base metal shall
display a smooth and uniform appearance. The weld toes shall blend smoothly
into the base metal without unfused overlaps or undercut exceeding that
specified.
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SUB SURFACE INSPECTION ACCEPTANCE CRITERIA - CLASS B -

Pressure Containing Components

Cracks

None allowed.

Cold Shut and Laps

None allowed.

Porosity and
Inclusions

The maximum diameter shall not exceed 0.02” or 1/3 of T, whichever is the
lesser. Indications less than .010” in diameter shall not be considered.

Inadequate
Penetration and
Incomplete Fusion

The maximum length of any indication shall not exceed 1/3 of the T in any weld
length of 6T or less. The minimum distance allowed between adjacent
incomplete penetration or fusion indications, is % the length of the longest
adjacent indication.

Undercut and

The length of any undercut or underbead concavity indication shall not exceed

Underbead 15% of the total weld length. The depth of any undercut indication where T <

Concavity 0.035”, undercut shall not exceed 10% of T. Where T is >/= 0.035” and </=
0.09”, undercut shall not exceed 15% of T or 0.010", whichever is the lesser.
Where T > 0.09”, the depth of undercut shall not exceed 0.015”. The minimum
distance allowed between adjacent undercut or underbead concavity
indications is 1/2 the length of the longest adjacent indication.

Misalignment Misalignment shall not exceed 15% of T, or 0.025", whichever is the lesser.

Weld Face or Root Thinning shall not exceed 15% of T or 0.015", whichever is the lesser.

Concavity or WM

Thinning

Weld Face or Root
Convexity

Reinforcement, or melt-thru, shall not exceed 20% of T or 0.06", whichever is
the lesser.
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Appendix B: Design drawing of weld samples (ref drawing:parts and assembly
welding test ET6029-01-020-c-CCY)
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- Pz iz WELDING TEST TOTAL 8X
A @ ®) &) e
~. ]
“‘--\ gl |= WELDING TEST 1
. | PROOF  WELDING PARAMETERS
\;T - PART 20.1 ; 20.2; 20.4 (2}

I

Section view -G

WELDING TEST 2

PROOF  'WELDIMG PARAMETERS
AS TEST 1 WITH PART 20.3

WELDING TEST 3
PROOF WELDING PARAMETERS

AND TEMP. HEASURINE ( IMFO FOR SLOLDER)
A% TEST 2 WITH THERMICOUPLE
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Appendix C: Material certificate
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Appendix D: Weld Procedur e Specification (WPS) for standard or bital welding

MIAOQ TIEH PRECISION INDUSTRIAL CO,, LTD
ORBITAL TUBE ARC WELDING PROCEDURE SPECIFICATION (WPS)

WIPS Number Redslon
Sapporing PQ R moLED

Company § O rganizalon
Welding Srocrrsiasy_ AubomalcOrbl il Tube Cof Turgs ko AIC

BASEand FILLER META&L :

Maledal ramb er GEroLp I Makral ruamber oL
Malera spec., Iype, and grade o Makna spec., Iype, & grade
Bare mielsl Rokress rarges GAS
Plpe ¢ Tubie disme ker Wall hickress TorchHead g cies
Flller iz ksl F W, ANE Clars & Spec. %% Com post 1on Flow Rak
Corgumable rgerl, AVWS Clags & Spec Brapa Time o Time
BacHrg panies
WELDING SET-UP:
% Com pio | Bom Flow raks
Pioseer Saapply (Modell
Brepirne Time Dok ume Time

Wield Headis)
Jolnl Pogl lords)

PRE and POSTWELD HEAT :

Tugskernbhpe —___ Dlam e kr. Arc gop
Tip diame ker Tip argle Prereal l=mpe rakire mirdmom
Weld direclon Puise Mode Prefeal Ifmnsmas madmum
lemeer EmpEralune mindmum
hmErr EmpEralue madmum
WELD SETTING § : SRR LRl R
Sl ourrenil GEmpE) Upslope fFEC)
Lewel Slope Time ec.) Nomrplone frec) JOINT DES IGH
Siarl Delay (sec) Ouemde (%) Join! bpe
Firdsh Curenl {amp) Flahme Speed (AP M) Gromue argle P Lared
ineld Timerjoniomy  _____ Slep Mod e forvomh Rl o ring Saze o7 1Ie |
e Mede (Brot) Siocke | weld pull-back
HOMINAL HEAT INPUT CONDITION S EETUF SKETCH -
Weld | Allowsble Cumenl (amps) S= 1Irgs | Pulse  Pulse

Lewel  Time HIGH Loy | Rak Wdh
Wumber gsecy | +5% Womirel  -S% | Nomiral Nominal

1

2

3

L3
TECHHNIQUE :
Joinl clearing
oher

Wi cerldy Ihal s weldirg p rocedure ard schedule we e quallied Inacoodarce wi b e equremens of NASAJSE PRC OO0,

Prepared By omg . hak

Approwed By o .

Dak
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Appendix E: Welding Procedure Qualification Record (PQR)

YOUR COMPANYIORG name goes here
ORBITAL TUBE GAS TUNGSTEN ARC WELDING
PROCEDURE QUALIFICATION RECORD (PQR)

Page 1 of 2

POR MHumber

Consumable Insert, ANS Class & Spec.

Revizion Compary £ Orgarization
Supporting WPS no.E) elding Processies) Aufomafic Orbital Tube Gas Tungsten Ao
BEASE and FILLER METAL :
Wiaterial number Group to higtenal number Group
hiateral spec., type, and grade to higtenial spec., tvpe, & grade
Baze metal thickness ange EAD
Pip ! Tube diamater, Wiall thickness Torch gas(es)
Filler metd F Mo, ANG Class & Spec. o Compastion Flow Rate

Wreld Tmer (onfoff)

Step hode (on/off)

Prepurge Time Postpurge Time
Backing gasies
WELDING SET-UF : 9 gas(es)
P Supply (Wodel) % Compostion Flaw rate
ower S &
PP Prepurge Time Postpurge Time
Wreld Head(s)
Joint Postion(s)
Tungsten type Dianeter i gap FRE and FOSTWELD HEAT :
Tip diameter Tip angle Preheat temperaure minmum
ield direction Puke hiode Preheat temperaure madimum
Interpass tempergture minimum
Interpass tempergture maximum
WELD SETTINGS Pastweld Heat Treament
Start cument (amps) Upslope Gec.) JOINT DESIGH ;
Lewvel Slope Time (sec.) Dowrslope (Fec.) Juirt type
Start Delay (5ac.) Dvermide (%) Groove angle Radine L
Finish Cumrert (amp) Fiture Speed (RPL) Fioot opening Size of filla

Socka weld pultback

Wifire hdade (ondoff) Finish Curmert
SKETCH- TR
Bectrods
NORMINAL HEAT INFUT CONDITIOMS : P — Standoft
ALEE)
feld | Alowable Cument (amps) Settings| Pulse Puke
Lewel  Time HIGH Lo | Rate  Wiidth l
Mumber (zec)| +5% Mominal -5% | Hominal | ippsy  Mominal
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Date :

We certifythatthe staemert Itk reconl are correctad that e estwekl were prepaed, we kkd, and 3 Bd I accoiawc: wit the equieme g of
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PROCEDURE QUALIFICATIONRECORD {PQR ) for  Page 2 of2
ORBITAL TUBE GAS TUNGSTEN ARC WELDING

PGR Ho.
TEWSILE TEST SPECIMEMS :
Type : Tensile specimen size : frea:
Groowe [ Sockat Lap whilla ()
Tengzile test resuts © minimum required UTS psil
Specimen Mo. 0.0.,in. ‘iall Thikre, in. Frea, in® hix Load, lbs Fiy. pei Type Failure'Loc
GUIDED BEMD TEST SPECIMENS - SPECIMEN SIZE:
Type Rasut Type Resuk
MACRDO - EXAMMNATION RESULTS :
IMPACT TEST SPECIMEMS
Type Size ©
Test temperature ;
Specimen location : Vb = weld metd;  Bh =basemaal; HA = hea - affected
Test It zone
Bet sy hielding Specimen Erengy ab=orbed Ouctile fracture Lateral expansion
pozition lacation (it -lbz. ) area [ pement ) ik )
IF APPLICABLE RESULTS
Hardnesstests @ [ 1 ‘hlue Foceptable [0 Unacceptable [ )
“Asual Inspection | FAoceptable [ ) Unacceptable ([ )
Torque ([ Jpsi Poceptable [ ) Unaczeptable [ ]
Prooftest [ 1 hidethod Aoceptable (0 Unacceptable [ )
Chemizal anabysis [ ) FAoceptable [ ) Unacceptable ([ )
Mon-destructive &cam 1 Process FAoceptable [ ) Unaczeptable [ 3
Other Ffocepable [ ) Unacceptable ()
hizchanical testing conducted by (Comparniy’) Lab Ma.
e ce ity thatthe staement Itk record are correctandd that e Botwekl were prepared, we kked, anc s Bd v accondance wh e requireme st of
the NATA 7 LS PRCO0I0.
Qualifier : Feviewed by :
Oate : Ppproved by

These forms are just for reference, non relevauieis can be deleted and applicable
properties and tests shall be added.
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Appendix F: Orbital welding equipment

Orbital Welding Equipment

RBIMATIC

SCHWEISSTECHNIK

IN-HANDLE INTEGRATED REMOTE CONTROL
QUICK-CHANGE SYSTEM FOR COLLETS
HIGH DUTY CYCLE THROUGH HIGHLY EFFICIENT WATER COOLING
COLLETS FOR NEARLY ALL STANDARD ELBOWS AND FITTINGS

ORBIWELD, THE NEW ORBITAL WELDHEAD
GENERATION WITH UNEXCEEDED FEATURES

The closed chamber ORBIWELD heads are available in 3 different sizes:

ORBIWELD 65 fortube O.D, 6~ 65 mm
ORBIWELD 115 fortube O.D. 20- 115 mm
ORBIWELD 170 for tube O.D. 50 —-170 mm

ORBIWELD 65

ORBIWELD 115

i

ORBIWELD 170
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Another unigue feature s the newly developed
quick-changing system for the collets. No lon-
ger will you need any screws and tools for
changing the collets! Without anything else,
other than your hands, the collets can be easi-
ly snapped in or out of position while still ensu-
ring proper, precise alignment of welded parts.

With the new ORBIWELD series ORBIMATIC
has designed a weldhead range, which is di-
stinguished by its high thermal load capacity.
This development had been brought on by the
changing requirements from the chemical,
pharmaceutical, and food-processing indus-
tries. Now there are new applications with in-
creasad wall-thickness requiring more heat-re-
sistant weldheads.

With specially designed water channels run-
ning completely throughout the whole weld-
head body, a highly efficient heat exchange
was created. This allows nearly continuous
weld cycles even with high currents and high
duty cycles.

The closed chamber design of the weldheads
and the unigue internal gas delivery system en-
sure a continuous non-turbulent gas shield ar-
ound the whole weld joint resulting in minimal
0.D. oxidation,

With a built-in integrated remote control in the
rugged weldhead handle all critical welding
commands can be transmitted to the power-
source. This eliminates the need for an additio-
nal remote pendant.

Spaoficalions subject (o Farcs withoul noice

LIH L il 1= i
‘-y WEIETRCHNIE

ORBIMATIC GmbH

Flosser Weg 17

D-35418 Buseck (Alten-Buseck)

Teleton (D64 08) 9026-0 + Fax (064 08) 9026-50
E-mail: Orbimatic@t-online.de

Internat: hitp/www.crbimatic.com

Nachdtute vertoten |

FD 2000



AMS Tracker Page 45 of 47
Thermal Control Doc.ld AMSTR-NLR-PR-054
subsystem Issue Issue 02

QM FM Heat eXchanger orbital Date 17 August 2008

Appendix G: Cleaning equipment

SUPER

STAINBRITE

T TK—909$

Provides a solution of your troubles -

SUPER STAINBRITE TK-9095 is a lightweight, easy-to-handle
portable surface-finishing unit.

SUPER STAINBRITE TK-9095 shall be used with the following

surface cleaning agent.
| Removal of burning on the stainless steel
Chemical Agent Purpose Usage Characteristics
STAINARITE E-100 | Ferrite avetem | @ Electrolyais unit. For all stainless steels
Stainless @ Dip the mop in the agent | materials.
plate. and torch on the surface | SUS403, 430, 304, 316,
STAINBRITE E-2000 | Stainless, fininhing parts and rub on
General. the surface.
STAIMBRITE E-200E | Mo containing | @ Wash by the water. For electric equipment,
. of Na, k ® Wipe out by the dry towel.
STAINERITE -CL Hust For removal of rust
| Removal of ing and electro- :
:  Stainless. Ti | @ Use the acid ion electrolysis | For all stainless materiala.
STAINBRITE E-500 | Multipurpase | liquid. For all stainless materials.
STAINLITE Ti Temper color @ Removal of stubborn burning. | Removal of temper color

of Titanium.
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